Gastrointestinal stromal tumors (GISTs) are rare neoplasms of the gastrointestinal tract associated with high rates of malignant transformation. Most GISTs present asymptomatically. They are best identified by computed tomography (CT) scan and most stain positive for CD117 (C-Kit), CD34, and/or DOG-1. There have been many risk stratification classifications systems which are calculated based on tumor size, mitotic rate, location, and perforation. The approaches to treating GISTs are to resect primary low-risk tumors, resect high-risk primary or metastatic tumors with imatinib 400 mg daily for 12 months, or if the tumor is unresectable, neoadjuvant imatinib 400 mg daily followed by surgical resection is recommended. Sunitinib is required for KIT exon 9, 13, and 14 mutations, while ponatinib is used for exon 17 mutations and regorafenib for highly refractory tumors. High-risk tumors should be monitored for recurrence with serial abdominal CT scans. Radiofrequency ablation has shown to be effective when surgery is not suitable. Newer therapies of ipilimumab, nivolumab, and endoscopic ultrasound alcohol ablation have shown promising results. This report addresses the epidemiology, clinical presentation, diagnostic imaging, histologic diagnosis, classification and risk stratification, staging and grading, surgical treatment, adjuvant treatment, and metastasis of GISTs.
Introduction
Gastrointestinal stromal tumors (GISTs) were originally believed to have originated from the mesenchymal cells of the gastrointestinal tract (GIT) (1, 2) . Kindblom and associates in 1998 found that these tumors actually originate from the interstitial cells of Cajal (3) . Hirota and colleagues discovered that these tumors express CD117 antigen (C-Kit), a gain of function mutation responsible for activating the growth of these tumors (4) . Although GISTs are considered rare tumors, most GISTs are discovered incidentally so the true prevalence is unknown. Traditional chemotherapy and radiation are not effective on GISTs, therefore surgical resection has always been the mainstay of treatment (5, 6) . With the discovery of mutations associated with these tumors, the treatment has changed dramatically. Imatinib mesylate, a selective tyrosine kinase receptor inhibitor (TKI), is used as an adjuvant or neoadjuvant therapy to improve the morbidity and mortality associated with GISTs. Due to growing resistance, sunitinib and GISTs present asymptomatically in 18% of cases, especially in cases of smaller tumors of the intestinal tract (15, 18) . These tumors are usually found incidentally on abdominal CT scans, during endoscopy, or during surgical procedures for other manifestations. Symptomatic patients may present with nonspecific symptoms of nausea, vomiting, abdominal distension, early satiety, abdominal pain, and rarely as a palpable abdominal mass (18) . Larger tumors may cause obstruction of the gastrointestinal lumen by endophytic growth or compression of the GIT from exophytic growth leading to dysphagia, obstructive jaundice, or constipation, depending on the location of the mass. Perforated neoplasms will present with signs of peritonitis or gastrointestinal bleeding. Indolent or massive intraperitoneal bleeding is secondary to pressure necrosis and ulceration (17, 19) .
Diagnostic imaging
GISTs can be identified on abdominal ultrasound, CT scan, magnetic resonance imaging (MRI), and positron emission transverse tomography (PET). CT enterography is the best modality to use to identify location of these tumors, any perforation, invasion of these tumors into nearby structures, or metastasis ( Figure 5 ) (20) (21) (22) . CT-guided biopsy also aids in the definitive diagnosis of GISTs. Some tumors are discovered incidentally or in emergent cases where preoperative biopsy does not play a role.
While abdominal ultrasound is not the primary method used to visualize GISTs, ultrasound is useful if the tumor is larger than 5 cm (22, 23) . However, many factors affect the reliability of ultrasound as a modality, such as the presence of necrosis, ulceration, air in the bowel, and operator expertise (23, 24) .
Ghanem and Colleagues studied the findings of CT imaging on patients with either primary (n=20) or recurrent (n=16) GISTs by dividing the patients into groups based on tumor size. Tumors were classified as small (<5 cm), intermediate (5-10 cm), or large (>10 cm) and visualized with CT imaging. On CT, small GISTs had symmetric masses that were well demarcated with sharp borders and exhibited intraluminal growth patterns. Intermediatesized GISTs had less symmetry, exhibited intraluminal and extraluminal growth patterns, and showed signs of infiltration to other organs in nine patients with primary tumors (45%) and two patients with recurrent tumors (12.5%). Lastly, large GISTs exhibited aggressive behavior with peritoneal or distant metastasis (20) .
Tateishi and colleagues studied histologic tumor grade and mortality rate in patients with low-grade (n=44) and high-grade (n=25) GISTs by visualizing the tumors using CT imaging. They found that tumors larger than 11.1 cm on CT were associated with increased mortality or high grade histology. These tumors were found to have irregular borders and margins with invasion to adjacent organs and hepatic or peritoneal metastasis (23) . They concluded that CT scanning can assess tumor size and metastasis, therefore determining treatment response to adjuvant therapies. MRI is similar to CT imaging of GISTs in that MRI's also provide information about size, tumor perforation, metastasis, and tumor invasion into adjacent structures, but MRI is preferred when identifying rectal GISTs, liver metastasis, hemorrhage, and necrosis of tumors (21) . Small GISTs on MRI appear symmetrically round while large GISTs appear nonsymmetrical and lobulated (21, 22) . However, when compared to MRI, CT has the advantage of displaying the thickness of the entire small bowel, leading to better visualization of deep ileal loops and mesentery (23) . P E T s c a n s w i t h 2 -[ F -1 8 ] -f l u o r o -2 -d e o x y -Dglucose, in conjunction with CT, provides useful information in tumor staging. PET/CT imaging can be used to identify areas of necrosis in lesions and differentiate benign versus malignant tumors (22) . Similar to CT scanning, PET/CT scanning is sensitive to determining the effectiveness of adjuvant therapies. Additionally, PET/CT imaging is more accurate in the imaging of liver metastasis than CT imaging alone (22, 24) .
Invasive imaging
The use of endoscopy was studied by Park et al. in a retrospective study of 174 patients who underwent surgical excision of GISTs between 2008 and 2014. Intraluminal growth was found in 109 patients (62.4 %) while the remaining 65 (37.4%) showed extraluminal growth (25) . Patients with intraluminal GISTs showed smaller tumor sizes and ulceration on endoscopy three months prior to diagnosis while extraluminal GISTs were undetected. As a result, the researchers concluded that endoscopy has a limited role in the detection of GISTs due to the high prevalence of extraluminal tumors.
Radiologic-histopathologic correlation
The diagnosis of GISTs are made with histopathology and immunochemistry. GISTs have three different histologic findings, including spindle (70%) ( Figure 6A ), epithelioid (20%) ( Figure 6B ), or mixed type (10%). They are often misdiagnosed as leiomyoma or leiomyosarcoma prior to immunohistochemical analysis (3) . Additionally, if tumors perforate, microabscesses can be seen on microscopy ( Figure 7 ) (26) . Approximately 88% of GISTs stain positive for both CD117 ( Figure 8A ) and DOG-1 ( Figure 8B) . A recent analysis of 70 cases of GIST showed positive expression of CD117 and DOG-1 in 95.71% and 88.57% of cases respectively (27) . Literature suggests DOG-1 appears to be more sensitive and specific than CD117. However, in GISTs with a PDGFRA mutation, their sensitivities decrease to 9% and 79% respectively (28) . Imaging reveals homogeneous densities in small tumors and larger tumors reveal irregular lobulated margins, mucosal ulceration, central and coagulative necrosis (Figure 9 ), hemorrhage cavitation, and heterogeneous enhancement (17) . Necrosis of GISTs can also be seen on histological images and can progress to calcifications ( Figure 10 ), which can be viewed with CT or MRI imaging. 
Classification and risk stratification
Many classification systems have evolved over the years but none have proved to be superior to the other. In 2002, Fletcher and colleagues collaborated to create the NIH classification, the first GIST classification system. It determined the risk of recurrence by categorizing patients into very low, low, intermediate, and high-risk groups by looking at the size and mitotic activity of the tumor ( Table 2 ) (29) . They concluded that tumors >5 cm in diameter plus a mitotic count higher than 5/50 high power fields (HPF) and tumors >10 cm with any mitotic rate have a higher risk of recurrence, subsequently requiring adjuvant drug therapy (29) . GIST, gastrointestinal stromal tumor.
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In 2006, Miettinen and colleagues evaluated 1,765 stomach GISTs and 906 small intestine GISTs and proposed a new classification system called the Armed Forces Institute of Pathology (AFIP) classification system. They discovered that in addition to tumor size and mitotic rate, anatomical location is an important prognostic factor (16) . They were also the first to define the total area for mitotic counting (5 mm 2 ). This classification system shows that the risk of recurrence for a tumor of the same size and mitotic count is greater for non-gastric GISTs than for gastric GISTs (16) . Goh and associates revised the AFIP classification by combining the very low and low risk into one group and introducing a very high-risk group. They found that there was no significant difference in recurrence in the very low and low risk groups and only tumors >5 cm with >10 mitoses per HPF had a high risk of recurrence. In 2008, Joensuu and associates created the modified NIH classification, which determined that tumor rupture during surgery had a significant negative prognosis ( Table 3) . A GIST is considered high risk if the tumor is >10 cm with any mitotic index, the tumor is >5 cm with a mitotic count >5/50 HPF, or if the tumor has ruptured ( Table 4 ) (30) . It was determined that in non-ruptured GISTs, the mitotic rate is the most important prognostic factor and determines when adjuvant drug therapy is necessary (30) .
Staging and grading
Woodall and associates proposed that a GIST staging system can be determined by the tumor-grade-metastasis (TGM) system. They retrospectively reviewed 2,537 GISTs from 1977 to 2004. The median age was 64 years old with 48% of the patients being men. At a 21-month followup, 23% of patients had metastasis and 5% had lymph node involvement. According to the TGM system, tumors measuring less than 70 mm are classified as T1 whereas tumors measuring greater than 70 mm are classified as T2. The second criteria defines grade I and II tumors as G1 and grade III and IV tumors as G2. Lastly, the presence of metastasis was defined as M1 and no metastasis was M0. In the TGM staging system, grade and metastasis were the greatest prognostic factors (31) .
The French Federation of Cancer Centers Sarcoma Group (FNCLCC) and the National Cancer Institute (NCI) system are the most widely accepted grading scales for soft tissue sarcomas. The FNCLCC grading is based on mitotic activity, necrosis, and differentiation of the tumor. According to this system, these factors have a strong correlation to metastasis and mortality (32). The NCI system concluded that the quantification of cellularity, pleomorphism, and location determine prognosis (32) . The grading and staging systems of GISTs can be beneficial in determining the effectiveness of Imatinib as a neoadjuvant or adjuvant therapy.
Surgical treatment
The gold standard of treatment for GISTs is surgical resection through laparoscopy, however if the patient is unstable then an open laparotomy is the preferred method of treatment (33) . Laparoscopic surgery (LSG) is recommended for GISTs that are less than 5 cm and located in the stomach and small bowel. Chen and associates retrospectively reviewed 58 cases of GISTs. Sixteen cases (27%) underwent LSG and 42 cases (73%) underwent open surgery (OSG). Recurrence was observed in one LSG patient at a median follow-up of 33 months and 2 OSG patients at a median follow-up of 40 months. The LSG group resumed a normal diet sooner, had shorter postoperative hospital stays, and required less pain management when compared to the OSG group. Postoperative morbidity was 6.3% and 19% in the LSG and OSG groups respectively, thus laparoscopy is the preferred method of resection (33) . Wu and colleagues retrospectively reviewed 57 patients from 1995 to 2002 with a median follow-up of 18 months (range, 4-81 months). The median age was 61 years and half the patients were females. Twenty-eight (49%) patients underwent surgical open laparotomy with resection with curative intent and the other 29 (51%) were treated postsurgically with imatinib for metastatic disease (n=26) or adjuvant therapy (n=3). Seventy-nine percent (n=22) of the curative intent group had completely negative margins. Three patients had metastases that were completely resected with the tumor and two patients had successful resection after neoadjuvant imatinib therapy. CD117 staining was positive in 96% of the tumors and metastasis was discovered in 17 patients at the time of surgery. Twenty-six patients with metastatic disease were treated with imatinib and tumor regression was noted in 22 patients at 19 months. In total, 23 patients (40%) were alive without disease, 22 patients (39%) are alive with disease, 7 patients died, and 5 patients were lost to follow-up. They concluded that complete surgical resection with negative margins is the curative treatment for GISTs. However, if there is metastatic disease then imatinib should be recommended as the targeted therapy in conjunction with surgery (6) .
Adjuvant therapy
The 3 agents approved for the treatment of GISTs are imatinib (Gleevec), sunitinib (Sutent), and ponatinib. Imatinib is a TKI that works by binding to the ATP binding sites on CD117 and PDGFRA, blocking signal transduction. GISTs that are CD117 and PDGFRA positive are thought to benefit from this therapy. DeMatteo and colleagues randomized 713 patients with resected primary GISTs measuring >3 cm that stained for CD117. They randomized 359 patients with imatinib and 354 with a placebo. The recurrence-free survival (RFS) at 1 year was 98% with imatinib versus 83% in the placebo group (P<0.001) (8) . In 2002, Demetri and colleagues studied 147 patients with unresectable or metastatic GISTs that expressed CD117. They were randomly assigned to 400 or 600 mg of imatinib daily. At a follow-up of 24 weeks, both doses were deemed effective and there was not an increased risk of toxicity with 600 mg (9) . The SSG XVIII trials determined that high risk GISTs showed better RFS with 3 year treatment versus 1 year treatment with imatinib therapy, with 5-year recurrence-free rates at 66% and 48% respectively (10) . However, many GISTs with CD117 mutations in exons 9, 11, 13, 14 and 17 have imatinib resistance ( Table 5 ) (11, 35) . In 2014, they found that patients with CD117 exon 11 mutations have a better survival rate than CD117 exon 9 mutations. They looked into the 10-year outcomes of the phase III SWOG trial, which focused on the use of imatinib, on the long-term survival in patients with metastatic GISTs. The trial studied two doses of imatinib in 695 patients with inoperable advanced GISTs and concluded that the long-term survival rate (8 or more years) was 27% for those who got the dose of 400 mg/d and 25% for those who got the dose of 800 mg/d. Gronchi and colleagues studied the role of high dose imatinib in the setting of resistant GISTs. Of the 395 patients, the GIST genotypes were analyzed and the results showed that 282 (71%) had CD117 exon 11 mutations, 67 (17%) had no CD117 or PDGFRA mutations, 32 (8%) had CD117 exon 9 mutations, and 14 (4%) had both CD117 and PDGFRA mutations (28) . Sunitinib treatment is the preferred therapy for exon 9 mutations and wild-type GISTs (no CD117 or PDGFRA mutations) ( Table 6 ) (13) . In patients with early detection of exon 11 mutations, a low dose of imatinib (400 mg/day) is adequate (11, 13, 35) . Ramaswamy and colleagues showed that CD117 exon 9 mutations have 38 months of overall survival compared to CD117 exon 11 mutation with a survival rate of 66 months (36) . Patients with exon 13 or 14 mutations benefit from sunitinib and exon 17 mutations benefit from ponatinib ( Table 6 ) (11) (12) (13) .
Metastasis
In addition to surgery and targeted therapy, it is important that patients who fall into the high-risk categories for metastasis follow-up with serial CT scans every three months for five years (7, 30) . Patnaik and associates retrospectively reviewed 42 patients with primary GISTs and the overall metastasis rate was found to be 59.5% (n=25). The median age was 50 years old (range, 24-82 years) and the male to female ratio was 2:1. At the time of presentation, 22 patents (52.3%) had metastatic lesions and three patients (7.1%) developed metastasis after resection of (800 mg/day); low dose: (400 mg/day); ‡ , standard dosing according to established protocol (28, 30) . the primary tumor. Common locations for GIST metastasis are to the liver (28%), and the mesentery and omentum (30%). Less frequently, tumors will metastasize to the lung (7%), subcutaneous tissues (4.7%), lymph nodes (4.7%), or bone (2.3%) (37) . If a patient cannot undergo surgical resection, then CT guided radiofrequency ablation (RF) may be an option. Yamanaka and colleagues studied 21 metastatic GIST liver tumors in seven patients. Solitary nodules were noted in two patients and multiple nodules in five patients. The tumor sizes were between 1.2-4.2 cm (median, 2.2 cm). After 12 sessions of RF, all but one patient (4.8%) had tumor regression. One patient died of subarachnoid hemorrhage at 5.9 months and two patients were noted to have new metastatic lesions to the liver and lung. No GIST-associated deaths occurred and the overall survival rate was 85.7% (P<0.05) at follow-up of 30.6 months (38) .
Metastatic GISTs are developing resistance to imatinib and sunitinib. In 2013, Demetri and colleagues studied the efficacy of regorafenib, a kinase inhibitor, in patients at 57 hospitals in 17 countries with GISTs that were metastatic or unresectable with resistance to imatinib and sunitinib. The results of the study showed that regorafenib at a standard dosage of 160 mg daily can decrease metastasis and the size of tumors in highly refractory populations (9) . Later that year, the FDA approved regorafenib as a standard treatment in drug resistant GISTs.
Newer therapies
Heinrich et al. studied the efficacy of ponatinib, particularly in patients with exon 11 mutations when imatinib, sunitinib, and regorafenib therapy had failed. Ponatinib has activity against BCR-ABL, CD117, and PDGFRA. The median survival was seven months for CD117 exon 11 mutations with ponatinib. They determined that ponatinib is effective in treating resistant GISTs but the adverse effects need to be further investigated (12) .
Singh and colleagues discussed the use of nivolumab (Opdivo) and ipilimumab (Yervoy) immunotherapy at the 2018 Gastrointestinal Cancers Symposium. Nivolumab can be used alone or in combination with ipilimumab, a CTLA4 blocker. This study divided patients with advanced/ metastatic GISTs into either the nivolumab treatment alone (240 mg every 2 weeks) or nivolumab plus ipilimumab treatment (1 mg/kg every 6 weeks), for up to 2 years. The median progression-free survival was 15.3 weeks in nivolumab alone and 18 weeks in the nivolumab plus ipilimumab. The reported side effects of nivolumab were fatigue (26.3%), pruritus (15.8%), and arthralgia (10.5%). Ipilimumab had reported side effects of rash (21.1%), arthralgia (10.5%), and pruritus (10.5%). In a current ongoing study, patients with TKI resistant or unresectable GISTs have benefited from the use of ipilimumab and nivolumab therapy with tumor size regression of 40% (39) .
Endoscopic ultrasound-guided (EUS) injection of alcohol can be used for ablation of GISTs or metastatic lesions located in the liver, adrenal glands, or pelvic lymph nodes. Günter et al. reported on a 59-year-old male who was diagnosed with a 40-mm GIST via biopsy. Surgical resection was not feasible due to severe chronic obstructive lung disease. He underwent a EUS-guided tumor ablation with 1.5-mL of 95% ethanol (40) . Seven weeks after the injection, endosonography showed a 1.5 cm ulcer at the injection site but no evidence of a tumor. The ulcer at the injection site resolved with proton pump inhibitor therapy. Follow-up therapy at 2 years demonstrated complete remission of the tumor. EUS alcohol ablation for GISTs requires further research, but may be an effective treatment when surgery is contraindicated due to comorbidities.
Conclusions
GISTs are rare tumors that account for a small percentage of gastrointestinal neoplasms. GISTs that occur outside the stomach are associated with a higher malignancy potential. Usually GISTs are an incidental finding and therefore most of the time present asymptomatically. However, if GISTs present symptomatically they can present with nausea, vomiting, abdominal distension, abdominal pain, or peritonitis. GISTs are best identified by CT scan but also can be seen on abdominal ultrasound, MRI, and PET. The pathology of GISTs consist of either spindle cells, epithelioid cells, or mixed cell types. GISTs most commonly stain positive for CD117 and DOG-1. GISTs are staged using the TGM system, which determines that grade and metastasis are the best predictors of prognosis. The grading systems of GISTs are used to determine the effectiveness of imatinib as neoadjuvant or adjuvant therapy. Laparoscopic surgical resection of GISTs with adjuvant imatinib 400 mg daily is the gold standard for the treatment of GISTs. However, if the tumor is unresectable then neoadjuvant imatinib 400 mg daily followed by resection is recommended. Metastasis are very common and can be seen in the liver and mesentery and omentum, but are treated the same as high risk GISTs. There is limited evidence showing the effectiveness of RF for nonoperative liver metastasis.
To determine the risk of malignancy potential and recurrence, researchers follow the NIH, AFIP, and modified NIH classifications that are calculated based on tumor size, mitotic rate, location, and perforation. TKIs are recommended for high risk GISTs. FDA approved treatments are imatinib, sunitinib, and regorafenib. The standard dose for high risk GISTs is imatinib 400 mg daily. Sunitinib is required for CD117 exon 9, 13, or 14 mutations, while ponatinib is used for CD117 exon 17 mutations, and regorafenib in highly refractory tumors. As research continues to grow in this area, newer studies are showing the effectiveness of novel therapies such as ipilimumab, nivolumab, and EUS alcohol ablation.
